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Abstract: A wireless sensor network was used to automatically control the life-support equipment of a green wall
and to measure its influence on the air quality. Temperature, relative humidity, particulate matter, volatile organic
compound and carbon dioxide were monitored during different tests. Green wall performance on improving the
air quality and the influence of the air flow through the green wall on its performance were studied. The
experimental results show that the green wall is effective to absorb particulate matter and volatile organic
compound. The air flow through the green wall significantly increases the performance. The built-in fan increases
the absorption rate of particulate matter by 8 times and that of formaldehyde by 3 times. Copyright © 2015 IFSA
Publishing, S. L.
Keywords: Internet of things, Wireless sensor network, Green wall, Air quality, Particulate matter, Volatile
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1. Introduction
Green walls are plants grown in vertical systems
that can be freestanding but generally attached to
internal or external walls. Green walls allow for high
density and high diversity vegetating on vertical
areas [1].
Internet of Things (IoT) is a global infrastructure
for the information society, enabling advanced
services by interconnecting (physical and virtual)
things based on existing and evolving interoperable
information and communication technologies [2].
Green walls are not a part of IoT yet. They are
gaining its popularity because of the aesthetic and
environmental reasons. Green walls require regular
maintenance, which includes monitoring (for
example, temperature and relative humidity) and
control (for example, irrigation) [3-4].
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Several papers indicate early stages of connecting
green houses to IoT [5-11]. However, no full
integration with IoT could be found. If green walls
would be a part of IoT, the status of the green wall and
its impact on the air quality can be constantly
monitored. However, no research on connecting green
walls to IoT could be found so far.

1.1. Indoor Air Quality
Indoor air quality shows how polluted the air is.
Air quality includes such pollutants as carbon dioxide,
particulate matter (PM) and volatile organic
compound (VOC).
In large cities the air pollution is often a problem
[12]. To improve the indoor air quality, air purifiers
are used. It is known that plants improve indoor air
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quality [13-14]. However it is unknown how effective
the general indoor green wall at absorbing carbon
dioxide, PM and VOC. It is also unknown how the air
flow through the green wall influences its
performance.
In this paper we present that it is possible to
connect green walls to IoT and use IoT to control the
equipment of the green wall and measure its influence
on the air quality in a controlled environment.

2. The Experiment Setup
The experiment was done in a laboratory without
windows and with the ventilation system turned off.

2.1. Wireless Sensor Network
The wireless sensor network (WSN) developed at
Linköping University in Sweden [15-16] is based on
the ZigBee specification and is an IoT solution. It
provides nodes for monitoring temperature, relative

humidity, carbon dioxide, VOC, PM and electricity
consumption as well as for automatic control.
The architecture of the WSN is shown in Fig. 1. It
is a mesh network. The coordinator is responsible for
the control of the network and is a gateway between
the WSN and USB interface. The coordinator is
connected to the Local Server which is an IBMcompatible computer with software responsible for
managing the data and tasks, through the USB
interface. The Local Server is a gateway between the
WSN and the Internet. The main server provides cloud
based service for several WSNs at the same time. The
WSN consists of the coordinator, routers and wireless
sensors. Routers provide the ability to extend the
network and increase possible communication paths
between sensor devices. The router functionality can
be combined together with other functionalities, such
as sensing or control, while the router device is
powered by mains. Sensor devices are batterypowered wireless devices with low energy
consumption and are in the sleep mode most of the
time; therefore, they can only be used for sensing and
monitoring purposes.

Wireless Sensor Network
Wireless sensor
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Relay Switch Box

Router
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Fig. 1. Wireless Sensor Network architecture. Dashed lines show some possible alternative wireless connections.

2.2. The Green Wall
The green wall shown in Fig. 2 is provided by the
Vertical Plants System AB in Sweden. The green wall
size is 200 × 200 × 18 cm. The green wall has a builtin water pump, water storage compartment and fan for
forced air circulation through the plants (see Fig. 2).
To create an isolated environment, a greenhouse
made of PVC (Polyvinyl chloride) and aluminum was
built around the green wall, see Fig. 3. The greenhouse
size is 406 × 203 × 223 cm (15.9 m3). As illustrated in
Fig. 4, a separation wall with one opening was built
inside the green house. The opening is about 20 cm in
diameter. If the fan is on, then the airflow goes from
the lower compartment to the upper compartment. Fan
has five speeds, but only two speeds were used.
Table 1 shows the relation between the air flow and
the fan speed.

Fig. 2. The green wall used for the experiment, provided
by Vertical Plants System AB (Sweden).
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Fig. 5. Control structure for the equipment
on the green wall.

2.4. Sensors
Third-party sensors without any wireless
functionality were integrated into the WSN. Table 2
lists types and models of sensors used.
Fig. 3. The green house that was built around the green wall
to create an isolated environment. The horizontall separation
wall can be seen on the side of the green house.

Fig. 4. Schematical view of the greehouse from the side.

Table 1. Air flow depending on the fan speed.
Fan speed
2
5

Airflow
28.8 m3/h
82.8 m3/h

2.3. Automatic Control
In order to maintain the green wall (see Fig. 2), a
life support system should be controlled. It includes
lights, the water pump and the fan. Each unit is
connected to a relay switch node. Lights are scheduled
to be on every day from 7:00 to 21:00. The water pump
is scheduled to run for 10 minutes at 7:00, 9:00, 11:00,
13:00 and 17:00. The fan is controlled manually
depending on the experimental conditions.
As illustrated in Fig. 5, to control the relative
humidity inside of the green house, a dehumidifier is
used. It is connected to the relay switch node and
controlled by a feedback loop to keep relative
humidity at 60 %.

18

Table 2. Sensors used in the experiment.
Sensor type
Temperature
Relative humidity
Carbon dioxide
VOC
PM

Sensor model
SHT21 [17]
SHT21 [17]
COZIR GC-0012 [18]
NanoSense E4000 [19]
NanoSense P4000 [19]

The sensors used are shown in the Fig. 6. PM and
VOC sensors are connected to the wireless nodes
through a RS485 to UART (Universal asynchronous
receiver/transmitter) converter. VOC and PM sensors
themselves have a separate power (12 V). The carbon
dioxide sensor is customly built into the enclosure and
is connected directly to the wireless node through the
UART interface.

3. Measurement
Data from the cloud was exported to the Comma
Separated Values format and used in MATLAB for
further analysis.

3.1. Carbon Dioxide
Carbon dioxide from a high pressure carbon
dioxide cylinder was injected into the lower
compartment of the green house (see Fig. 4). It reaches
the concentration of 1167 and 8037 ppm, respectively.
Measurements were performed with fan on and off,
respectively.

3.2. Volatile Organic Compound
Two different substances were used for the test:
Universal Glue and Formaldehyde 4 % solution. The
Universal Glue contains two VOCs: acetone and
methyl acetate. Formaldehyde and acetone are
common VOCs. Substances were put on a surface of
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seven days. Fluctuations of ±25 ppm can be observed
between the night and the day.

CO2, ppm

600 cm2 (paper for glue and glass for formaldehyde)
inside of the green house.

Fig. 7. Carbon dioxide concentration measured over
the time. Black – light period. Grey – dark period.

As shown in Fig. 8, the PM1.0 concentration
reduces at a rate of -1.87 µg·m3·h-1 with fan off,
-6.67 µg·m3·h-1 with fan at speed 2 and
-20.06 µg·m3·h-1 with fan at speed 5.

Fig. 6. Sensors used in the experiments. (a) PM/VOC sensor,
(b) carbon dioxide sensor, (c) temperature and relative
humidity sensor. 1 – wireless node developed at Linköping
University in Sweden, 2 – VOC or PM sensor,
3 – RS485 to UART converter.

3.3. Particulate Matter
Ashes from the fireplace were used, as they can be
found in many houses and contain PM10, PM2.5 and
PM1.0. Ashes were injected into the lower and upper
compartments of the green house through the standard
computer 80 × 80 mm cooling fan. The air flow
generated by the fan effectively distributes particles in
the air.

Fig. 8. PM1.0 concentration measured over the time.
A - fan speed 5. B - fan speed 2. C - fan off.

As shown in Fig. 9, it reduces Formaldehyde
concentration at a rate of 0.033 ppm·h-1 with fan off,
0.076 ppm·h-1 with fan at speed 2 and 0.09 ppm·h-1
with fan at speed 5. Values are for the case when the
light is on.

3.4. Temperature and Relative Humidity
The temperature was not controlled, but was
monitored. Temperature was measured in the lower
and upper compartments, and on the green wall.
The relative humidity was controlled by a
dehumidifier and should remain constant at a level of
60-70 % when controlled.

4. Result
The green wall reduces the carbon dioxide
concentration at a rate of 11.46 ppm/h with fan off, see
Fig. 7. The carbon dioxide concentration stabilizes in

Fig. 9. VOC (Formaldehyde) concentration measured over
the time. A - fan off. B - fan speed 2. C - fan speed 5.
Dehumidifier is off.
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Fig. 10 shows that temperature fluctuates between
25.5 and 27.4 °C in the upper compartment of the
green house and between 23.4 and 25.2 °C in the lower
compartment of the green house.

than that in the dark. During our experiment, the
formaldehyde absorption rate is about 6 times faster in
the light than in the dark, which was confirmed in two
tests (see Fig. 9).

6. Conclusions

Fig. 10. Temperature measurement in the green house
over the time.

Fig. 11 shows that the relative humidity is stable
and is at the level of 66 % in the upper compartment
of the green house and 56 % in the lower compartment
of the green house. The green wall evaporates about
137 g of water per hour.

The green wall with an active built-in fan to
increase air flow significantly improves the air quality.
It is effective at absorbing VOC and PM, but not
equally effective at absorbing carbon dioxide. The
built-in fan increases the PM absorption rate by
8 times and Formaldehyde absorption rate by 3 times.
The green wall increases the relative humidity, which
is good to use in a dry environment.
WSN, which is a part of IoT, reduces the
complexity of the experiment setup. Wireless nodes
are easy to install and move around. The ability to
access the nodes through the Internet makes it easy to
control the experiment.
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Fig. 11. Relative humidity in the green house measured
over the time.

5. Discussion
In the carbon dioxide measurements (see Fig. 7) it
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reduces in the dark time period also in the beginning
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not significantly affected with the light intensity;
however, there is a considerable difference between
light and dark conditions. In light condition the
absorption rate should be approximately 5 times faster
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